Purpose Major peri-operative complications for adult spinal deformity (ASD) surgery remain common. However, risk factors have not been clearly defined. Our objective was to identify patient and surgical parameters that correlate with the development of major peri-operative complications with ASD surgery. Methods This is a multi-center, retrospective, consecutive, case-control series of surgically treated ASD patients.
Introduction
The surgical treatment of adult spinal deformity is emerging as a significant healthcare issue. Demographic shifts in Western societies and quality of life expectations are driving a rapid expansion in the treatment of spinal pathologies. Age-related pathologies of the spine often represent a complex picture of degeneration related to the intervertebral discs, ligamentous supports, and facet joints. The degenerative cascade also involves loss of muscle tone and mass as well as loss of bone density. With the loss of structural support, deformity is a common progressive aspect of the aging spine. Adult spinal deformity is most commonly related to untreated adolescent idiopathic scoliosis, adult onset degenerative scoliosis, or primary sagittal imbalance. In a recent publication the prevalence of spinal deformity in older adults has been shown to exceed 60 % [1] .
Surgical management of adult spinal deformity has traditionally been pursued for pain and disability that does not adequately respond to non-operative care [2] [3] [4] [5] [6] . However, several studies have demonstrated the lack of clinical effectiveness of non-surgical care with substantial costs to the healthcare system [7] . Surgical treatment of adult spinal deformity has been reported to be effective; however, it is associated with significant risks [8] [9] [10] . In addition, prior authors have found that the complications are similar in adults with either untreated adolescent idiopathic scoliosis or adult onset degenerative scoliosis [11, 12] .
The care of patients with adult spinal deformity considering surgical treatment requires a cautious review of potential benefits against possible complications. While studies demonstrate the effectiveness of surgery in certain populations, the risk factors for a given patient remain poorly defined and thus limit an individualized risk-benefit ratio assessment to assist in decision-making for patient and surgeon alike.
The purpose of this study was to identify patient, perioperative and surgical parameters that correlate with the development of major complications with adult spinal deformity surgery. Understanding the risk factors for complications allows the development of strategies to reduce their occurrence and facilitates the ability of both surgeon and patient to make better clinical decisions pertaining to surgical treatment for adult spinal deformity.
Materials and methods

Study design and inclusion criteria
This is a multi-center, retrospective review of patients who underwent surgical treatment for adult spinal deformity. Institutional review board (IRB) approval was obtained at all eight participating sites prior to study initiation. Inclusion criteria were patients age 18 years or older who received spinal surgical treatment for adult spinal deformity.
The study developed two patient cohorts from the same time frame. A retrospective consecutive series of adult spinal deformity patients was reviewed and all patients who developed at least one major peri-operative complication occurring intra-operatively or up to 6 weeks following surgery were identified (complications group). All patients operated for ASD during the same time frame at each center were similarly identified. For each center, consecutive patients were included retrospectively until 10 patients with a major complication were identified. A randomization table was then used to select a similarly sized set of patients from enrolling sites that did not develop any major perioperative complications (control group).
The definition of major complications used was as previously described by Carreon et al. [8] (Table 1) . Patients with a primary major peri-operative complication related to instrumentation failure (e.g., rod fracture) were excluded from the analyses comparing complications and control groups, in order to focus these assessments on medical and operative complications, rather than biomechanical failures of instrumentation.
The diagnosis of adult spinal deformity included a minimum of one of the following radiographic parameters: coronal Cobb angle greater than 30°, sagittal imbalance greater than 5 cm, coronal imbalance greater than 5 cm, thoracic kyphosis (sagittal Cobb angle from either T3 or T5 to T12) greater than 60°, thoracolumbar kyphosis (sagittal Cobb angle from T10 to L2) greater than 20°, and lumbar lordosis (sagittal Cobb angle from T12 to S1) less than 20°. We included patients with either untreated, progressive adolescent-onset idiopathic scoliosis or with adult onset de novo degenerative scoliosis. Prior studies have found that the complications are similar in adults with either untreated adolescent idiopathic scoliosis or adult onset degenerative scoliosis [11, 12] .
Data collection
A retrospective chart review was performed at each site to identify patients who met inclusion criteria for the complications group and received surgery between 2002 and 2007. Medical records, surgical summary and office charts were all reviewed to gather data. Consecutive review was carried out retrospectively among all operatively treated ASD patients until 10 patients with major perioperative complications according to inclusion criteria were identified at each participating site. A total of 953 patients were reviewed across the eight centers to obtain 80 patients with major complications. The control group was selected based on a randomization table for each institution to gather a matched number of patients from the remaining 873 patients (953 -80) treated during the same time span as the complications group. Patients in the control group underwent adult spinal deformity surgery but did not develop any major peri-operative complications.
Collected data included
• Demographics: age, height (cm), weight (kg) and body mass index (BMI).
• Pre-operative health status: blood pressure, heart rate, laboratory and urine analysis, co-morbidities, cardiopulmonary evaluation, smoking habits, and the American Society of Anesthesiology (ASA) grade.
• Surgical data: surgical procedure, surgical approach, primary or revision surgery, same day or staged surgery, operative and anesthesia time, estimated blood loss (EBL), and presence or absence of a major intraoperative complication.
• Hospital data: duration of intensive care unit (ICU) stay, total duration of hospital stay, and occurrence of major complications.
• Post-operative data: office notes were reviewed to evaluate for major complications that occurred up to 6 weeks post-operatively.
• Data were collected by research assistants who were not involved in the care of the patients and forwarded to the principal investigator (PI) site for data entry and quality control.
Statistical analysis
Data were statistically analyzed using SPSS software (SPSS, Chicago, Illinois). Parameters with normal distribution were described using mean and standard deviation, while other parameters were described using median and interquartile range. Normality of data was determined using the Shapiro-Wilk test. Frequency tables were used to present parameters such as co-morbidities and complication occurrences. Spearman and Pearson coefficients of correlations were used to evaluate correlation between total major complications and associated parameters. Differences in individual parameters between the complications group and control group were assessed using unpaired t tests and Chi-square tests.
Results
Between February 2002 and July 2007, 953 total patients received surgical treatment for ASD at the eight participating sites. Demographics and pre-operative status Ten consecutive patients with at least one major complication were identified at each site, generating 80 total patients for the complications group (Fig. 1) . The primary major complication in eight of these patients was implant related (e.g., rod or screw fracture), instead of a primary medical or surgical complication, resulting in 72 patients being included in the complications group. The demographics of the complications group were as follows ( Table 2) : 54 females and 18 males, mean age of 54 years and mean BMI of 25.3 kg/m 2 . Mean number of co-morbidities per patient was 2.5 (SD = 1.85; range 0-6). The most common medical co-morbidities were hypertension (HTN), depression/anxiety, coronary artery disease (CAD) and gastro-esophageal reflux disease (GERD). Seven patients (10 %) were ASA grade I, 28 patients (40 %) were ASA grade II, and 35 patients (50 %) were ASA grade III. The ASA grade was not available for the remaining two patients.
The control group of 80 patients ( Table 2) was selected based on a randomization table of surgically treated adult spinal deformity patients who did not have complications during the same time period (2002) (2003) (2004) (2005) (2006) (2007) . Two of these patients were excluded due to insufficiency in their available data, leaving a total of 78 patients in the control group. The demographics of this control group were as follows: 61 females and 17 males, mean age 52 years and mean BMI 26.9 kg/m 2 . Mean number of co-morbidities per patient was 2.4 (standard deviation = 1.82; range 0-8). The most common medical co-morbidities in the control group were HTN, depression/anxiety, CAD and GERD. One patient (1 %) was ASA grade I, 36 patients (46 %) were ASA grade II, and 30 patients (38 %) were ASA grade III. The ASA grade was not available for the remaining nine patients.
No differences were noted between the complications and control groups in terms of demographics, co-morbidities, smoking status, pre-operative vitals, ASA grade, preoperative anemia (hematocrit of 30 % or less), revision status, or number of previous surgeries (p [ 0.05).
Incidence of complications
One or more major complications were observed in 80 of 953 patients (8.4 % major complication rate). After excluding the eight patients with a primary instrumentation related complication, the remaining 72 patients comprised the complications group. These 72 patients had a total of 99 major complications (average 1.4 per patient). The most common major complications were excessive blood loss (EBL [ 4L, n = 11), return to the operating room for deep infection (n = 11), and symptomatic pulmonary embolus (n = 10).
Peri-operative parameters
In terms of peri-operative parameters (Table 3) , group comparisons revealed that there were no significant differences in terms of operative time, revision status or length of ICU stay. However, the complications group exhibited significantly greater length of hospital stay (14.4 vs. 7.9 days, p = 0.001). Patients in the complications group had a significantly greater EBL than the control group (2.4 vs. 1.6 L, p = 0.004), however, the comparison of EBL between these groups is confounded, since excessive EBL is considered a major complication.
Surgical approach and staging
In terms of surgical approach (Table 4 ), significant differences were also noted between the complications and control groups. The complications group exhibited a higher percentage of staged procedures (46 vs. 37 %, p = 0.011), and a higher percentage of anterior/posterior approaches (56 vs. 32 %, p = 0.011) (Figs. 2 and 3) . Fig. 1 Case example of a patient surgically treated for adult deformity who had a major peri-operative complication. A 49-yearold woman with a history of untreated adolescent idiopathic scoliosis presented to an outside facility with back and leg pain and underwent a two-stage procedure: lateral interbody arthrodesis with mesh cages at T11-12, T12-L1, L2-3, and L3-4; followed by T4 to S1 posterior instrumented arthrodesis (stainless steel implants) with L4-5 and L5-S1 transforaminal interbody fusions (TLIF). Post-operative anteroposterior (AP) and lateral full-length X-rays are shown in a and b. This was complicated by a pulmonary embolism and a significant sacral abscess that ultimately required removal of all instrumentation. She presented to the study participant's site approximately 1 year later with severe back and leg pain and difficulty walking (wheelchair bound) secondary to significant positive sagittal malalignment (C7 plumbline sagittal vertical axis of 23 cm). AP and lateral full-length X-rays are shown in c and d. Three-dimensionally reconstructed CT of the spine is shown in E. Note the caval filter placed following her first surgery. She underwent a 3-stage procedure: (1) L5-S1 anterior lumbar interbody fusion (2) T2 to S1 instrumentation with iliac screws and T4-T11 Smith-Petersen osteotomies, and (3) L2 pedicle subtraction osteotomy, L1-L2 TLIF, and T2-S1 arthrodesis. Within 2 months of surgery, she developed multi-drug resistant E. coli infection with significant and extensive wound fluid collection (f and g show T1-contrasted magnetic resonance images of the thoracic and lumbar spine). She was treated with multiple wound debridements, intravenous antibiotics, and ultimately a wound VAC. Despite this major peri-operative complication, at last follow-up (1 year from her 3-stage procedure), her wound is completely healed and she is off all pain medication, nearly pain free, and ambulating independently. Antero-posterior (AP) and lateral full-length X-rays from last followup are shown in h and i c Discussion Risk scoring is frequently used to identify patients at risk for adverse outcomes. Commonly used risk-scoring schemes include the ASA physical status class, the Acute Physiology and Chronic Health Evaluation (APACHE), the Injury Severity Score (ISS) and the Glasgow Coma Scale (GCS) [13] [14] [15] . These systems quantify the severity of patient illness, and have been shown to predict risk for morbidity and mortality associated with trauma and/or Eur Spine J (2012) 21:2603-2610 2607 surgery [15, 16] . More recently, the Physiological and Operative Severity Score for Enumeration of Mortality and Morbidity (POSSUM) has been developed and validated to predict mortality and morbidity for patients undergoing colorectal surgery or vascular surgery and has been modified for applications to orthopedic surgery [17] . The theoretical benefits of a risk-scoring system, especially a system that is designed for a specific surgical field or clinical interest, include identification and potential optimization of physiologic risk factors, improved patient counseling on the risk/benefit ratio of surgery, improved outcome analysis between patients and providers, and reduction in peri-operative complications.
The benefits of surgical treatment for adult spinal deformity have been established; surgical patients report greater reduction of total pain, leg pain, self-image and function compared to adult spinal deformity patients treated nonoperatively [9, [18] [19] [20] [21] . However, despite the benefits afforded to adult spinal deformity patients via operative management, the major hurdles to adult spinal deformity surgery are the physiologic and economic costs. These costs are manifest by the reported high complication rates and resource utilization following adult spinal deformity surgery. Reduction of adult spinal deformity surgical complications requires improvement in patient selection and more efficacious procedure selection. While there are multiple potential pathologies in adult spinal deformity, including spinal stenosis, lateral listhesis, sagittal instability, and sagittal and coronal imbalance [20, 22] , few concrete guidelines for surgical management exist. An adult spinal deformity risk-scoring system that quantifies the impact that a specific patient parameter and a particular surgical procedure have upon the complication risk profile may improve patient and procedure selection. The purpose of this study was to identify profiles of patients who experienced major complications following surgery for adult spinal deformity. Multi-center review of 953 consecutive adult spinal deformity patients treated surgically identified 80 patients who suffered at least one major complication. The 8.4 % major complication rate reported in this study is consistent with previous reports [23] [24] [25] . Such rates should be placed in the perspective of the complex medical histories noted in patients undergoing surgery for adult spinal deformity. In the present study, the mean ASA grade for the control and complications groups were 2.43 and 2.33, respectively, and mean number of comorbidities were 2.4 and 2.5, respectively. Additionally, the number of previous surgeries by group was 1.7 and 1.9, respectively, for control and complications groups. The elevated mean ASA scores and previous surgery rate in both groups may explain the lack of correlation between these parameters and the occurrence of complications due to a ceiling effect. It is rare for elective surgery related to adult spinal deformity to occur in the setting of an ASA grade of IV or V, as it is uncommon for patients to undergo a fourth or fifth surgery for adult spinal deformity.
In the current study, no significant differences were noted between the complications and control groups with regard to ICU stay and operative time. This may relate to the complex nature of adult spinal deformity surgery which routinely involves lengthy operative time and ICU stay. Only EBL was found to be significantly greater in the complications group (2.4 vs. 1.6 L for control group, p = 0.004), however, this finding is confounded, since excessive EBL was classified as a major complication. In other studies, increased EBL has been shown to increase risk for early post-operative complications [26] [27] [28] . Although obesity has been previously reported to increase the risk of complications following adult spinal deformity surgery [29] , in the present study there was no significant difference in the mean BMI between patients who did and did not experience a major complication.
A significant correlation between staging, surgical approach and major peri-operative complications was found in this study. In terms of staging, nutritional depletion and metabolic disarray from a first intervention can limit physiologic resilience for a second procedure. This is supported by a previous large study by Fang et al. [30] demonstrating that post-operative spine related infections were correlated with staging and multiple surgical approaches. In a smaller series Rhee et al. [31] found that staging posterior-only surgery in adult spinal deformity apparently did not lead to greater complications. This is of potential clinical importance given that many patientrelated parameters cannot be modified (co-morbidities, deformity parameters and thus case complexity), whereas surgical approach and staging can often be controlled by the surgical team.
The primary limitation of the present study is the retrospective design. We have tried to mitigate this limitation by evaluating patients with complications in a consecutive and multi-center study design. In addition, we have included a control group that was established by randomization from each of the participating centers. Future study on this topic should include a prospective enrollment of consecutive cases and a larger patient pool.
Conclusion
This study offers a critical analysis of consecutive patients that underwent adult spinal deformity surgery and developed major peri-operative complications. An incidence of 8.4 % for major complications among 953 consecutive patients was noted. While co-morbidities, ASA grade, and demographic factors did not demonstrate significant correlation with complications, controllable surgery related parameters did. Staging and multiple surgical approaches in one setting were significantly linked to occurrence of major peri-operative complications. Further study directed at defining risk profiles and procedure-related parameters could have significant impact on pre-operative risk-benefit surgical discussions and pre-emptive approaches to reduce complications.
